The distribution of energetic O produced in dissociative recombination of 02 + at the exobases of the terrestrial planets is important in determining the structure of the outer hot O coronas and for the escape flux of O from Mars. Using recently measured values for the branching ratios of the energetically allowed channels in 02 + dissociative recombination, along with models of the vibrational distribution of 02 +, we compute the velocity distribution of hot O atoms produced
Introduction

Dissociative recombination (DR) of molecular ions
is an important source of hot atoms in the upper atmospheres of the terrestrial planets. In the lower and middle thermospheres, these fast atoms contribute to heating, and near and above the exobases they may travel to great heights, producing hot atom coronas. On Mars, DR of molecular ions may produce atoms with speeds greater than the escape velocity, which is Paxton [1983;  see also Paxton and Anderson, 1992] , Ip [1988] , and Nagy and Cravens [1988] . The hot oxygen corona of Mars has been modeled by Nagy and Cravens [1988] , Ip [1988 Ip [ , 1990 and by Lainmet and Bauer [1991] . In addition, Zhang el al. [1993] 
Calculations
In order to determine the exothermicity of a DR reaction, it is necessary to know the vibrational and rotational energy of the ion. We have modeled the vibrational distribution of O• + in the thermospheres of Venus, Earth, and Mars in a similar manner to that described by Fox [1985 Fox [ , 1986 . A brief summary is presented here. The computed vibrational distributions are shown in Table 2 . The distribution is slightly more extended at the terrestrial exobase than at the Venus exobase.
The higher exospheric temperatures in the terrestrial thermosphere lead to exobase neutral densities that are smaller by a factor of •.. 2 than those for Venus or Mars.
Some of the differences in detail also result from the production of 02 + by direct ionization of 02, which is significant only for the Earth. Also, the highest vibrational level that can be produced in reaction (2) for DR of N2 + is described. A brief summary is presented here. The initial speeds of the ion and electron in the laboratory frame were determined by generating random numbers from a Gaussian distribution for the x, y, and z components of the velocities. Although they could have been derived from this information, the polar and azimuthal angles were determined separately by generating two more random numbers. This choice was arbitrary, and the resulting angular distribution would have been the same using either method. The initial velocities of the ion and electron were then decomposed into the velocity of the center of mass and the velocities in the center-of H. Anderson,  private communication, 1997) . In order to estimate the branching ratios for the excited vibrational levels, we have somewhat arbitrarily assumed that half the ions were excited in their experiment, and that the branching ratios for all the vibrational levels with v > 0 are the same. These assumptions lead to yields of 0.28, 0.36,   0.23, and 0.13 for channels (la), (lb), (ld), and (le) 
Results and Discussion
The velocity distributions for product O atoms in 02 + DR are presented in Figures 1, 2, and 3 0.68, 0.64, and 0.58 for •60, •70 , and •SO, respectively. Thus there is a small isotope effect inherent in the DR mechanism, which operates in addition to the effect of depletion of the heavier isotopes at the exobase that results from diffusive separation above the homopause. The fractionation factor R, which is the ratio of the escape probability of a heavy isotope to that of 160, is thus 0.93 for 170 and 0.84 for 180. This effect has not been taken into account in models Jakosky, 1991] . In particular, the inferred total oxygen inventory that is required by the measured lack of enhancement of heavier oxygen isotopes in the Martian atmosphere relative to the terrestrial values [Nier et al., 1976] will be larger than previous models have assumed. We can compare our escape probabilites to those computed analytically by Wallis [1978] . He found that essentially all O atoms produced in channel (la) had sufficient energy to escape, and for channel (lb), the fractions with velocities greater than the escape velocities were 1.0 for 160 and 0.995 for 180. Our calculations confirm the lack of an isotope effect for channel (la), but for channel (lb), our computed escape fractions for 160 and 180 are 0.991 and 0.833, respectively, leading to a fractionation factor of 0.84. The reason for the disagreement is uncertain, but a similar difference was found between our computed escape fractions for 15N and 14N in N• + DR [Fox and Had, 1997 ] and those of Wallis [1978] . The spectrum for 160 and 1SO at the Venus exobase is shown in Figure 2 and is similar to the Mars spectrum, except that the peaks for the different channels are not as distinct. This is mostly due to the higher ion temperature, but partly also to the more extended We have presented here only the velocity spectrum at the exobase. Significant coronal atom production will occur from about one scale height below the exobase to two or more scale heights above, depending upon the altitude profiles of the 02 + ions and electrons. The nascent velocity distributions could conceivably differ substantially over this range. We are at present carrying out more detailed calculations of the O velocity distributions for a range of altitudes and for the other sources of hot O, such as NO + DR, and the photochemical sources suggested by Richards e! al. [1994] and Hickey e! al. [1995] .
